1.. Introduction {#S1}
================

Diabetes mellitus and its complications have become important public health problems around the world, and the incidence of diabetes mellitus has reached the rate of epidemic. The International Diabetes Federation estimates that an additional 7 million diabetics will increase each year over the next decade \[[@ref001]\]. Type 2 diabetes is characterized by insulin resistance and beta cell dysfunction, affecting 5.9% of adults worldwide, covering 80% of developing countries \[[@ref001]\]. Diabetes is a chronic disease that requires continuous medical care to prevent acute complications and reduce chronic complications. Whether suffering from complications or the extent of illness varies from person to person. Although the clinical manifestations of diabetes complications are diverse, but there are some common pathophysiological characteristics exist in these syndromes, trace elements are one of the important factors. There are currently studies on the potential prevention or treatment of trace elements for types 1 and 2 diabetes mellitus and their common complications. However, the level of magnesium in patients with diabetes mellitus and its complications, research results are not consistent \[[@ref002], [@ref003], [@ref004]\]. Magnesium ion is the second most important intracellular cation, after potassium ion. There are about 21 to 28 g of magnesium in adults, of which 99% are present in the cells, and only 1% is present in the extracellular fluid. The distribution is subdivided, then the presence of magnesium in the three parts of the body: about 65% in the mineral phase of the bone, 34% in the cell space, only 1% distributed in the extracellular fluid. The serum magnesium contains three forms of presence: with the protein binding (of which 25% binding to albumin and 8% binding to globulin), chelate (12%), and the ionized portion of the metabolic response (i.e. magnesium ion: 55%). Magnesium is mainly absorbed in the small intestine and is excreted through the kidney \[[@ref005]\]. Kidney can help the plasma magnesium concentration to maintain a normal level at 1.7--2.4 mg/dl. Magnesium ion plays an important role in carbohydrate metabolism and insulin response, as a cofactor involved in transmembrane transport of glucose and release of insulin. Studies have found that magnesium deficiency is usually associated with endocrine and metabolic disorders, especially type 2 diabetes mellitus \[[@ref006]\].

In recent years, big data analysis and data mining are gradually aroused attention, especially in the field of medical and health care, the use of data mining is extremely extensive. Since the adoption of the Hospital Information System (HIS) in the hospitals, a large number of patient medical data stored by the HIS can be analyzed by data mining methods. This study is based on the data of inpatients in the general hospital of the PLA from 2010--2011, and patients with diabetes mellitus (both types 1 and 2) were selected for cross-sectional study. The related factors of diabetes mellitus and common complications of diabetes mellitus were analyzed by data mining method, and the patients with common complications of diabetes mellitus were predicted according to the extracted characteristic variables. The results of this study can be used to explore the related factors of common complications of diabetes mellitus, to provide new ideas for further research.

2.. Materials and methods {#S2}
=========================

2.1. Data sources {#S2.SS1}
-----------------

The research data are based on the hospitalization data sets from the clinical data center from January 2010 to December 2011, with "diabetes" as keywords to select inpatient with a history of diabetes. Medical records of these patients during hospitalization generated the research database. The data items provided by the database include patient ID, sex, age, weight, pulse, and blood pressure, frequency of medication, urine routine, biochemical examination, and pathological diagnosis and so on.

2.2. Inclusion criteria and data extraction {#S2.SS2}
-------------------------------------------

There are 14,317 cases of diabetic hospitalization patients in the database from January 2010 to December 2011, with a total of 82,017 hospital medical records. We established the following exclusion criteria: (1) records without making a full set of biochemical examination; (2) doctor clinical diagnosis contains uncertain terms or symbols; (3) non-first-time inspection records after hospitalization (to reduce regulatory intervention for index value during hospitalization); (4) patients with multiple diabetic complications or comorbidities (in order to analyze the specificity factors of single certain diabetic complication). According to the above exclusion criteria, 1217 patients were selected, including 774 males and 443 females, aged 7--92 years, with an average age of 60.54 $\pm$ 0.36 years. They all have alanine aminotransferase, aspartate aminotransferase, triglyceride, urea, glucose, serum protein and other examination results. The biochemical indexes and common complications of diabetes analyzed in this study are shown in Table [1](#T1){ref-type="table"}.

Table 1Various parameters in the research data setTypeParameterBiochemistryAlanine transaminase, total protein, aspartate transaminase, serum albumin, $\gamma$-glutamyl transpeptidase, total bilirubin, alkaline phosphatase, direct bilirubin, lactate dehydrogenase, total bile acid, creatine jubase, triglyceride, serum uric acid, urea, apolipoprotein A, calcium, total cholesterol, sodium, apolipoprotein B, potassium, homocysteine, magnesium, high density lipoprotein cholesterol, glucose, creatinine, low density lipoprotein cholesterol, glycated serum protein, chloride, serum superoxide dismutase, inorganic phosphorus, creatine kinase isoenzyme, ionized calcium, serum cystatin C, carbon dioxide, serum sialic acid, serum lipoproteinDemographyAge, genderDiagnosisDiabetes mellitus, diabetic retinopathy, diabetic nephropathy, diabetic neuropathy, diabetic ketoacidosis, diabetic macroangiopathy, diabetic foot, hypertension, other diseases

2.3. Conventional measurement and principle of serum magnesium {#S2.SS3}
--------------------------------------------------------------

Methyl thymol blue colorimetric method is widely used in conventional magnesium measurement, the basic principle is that serum magnesium, calcium ions can bind with methyl thymol blue dye in a basic solution to generate a blue-violet complex, addition of ethylene glycol diethyl ether diamine tetraacetic acid (EGTA) can mask the interference of calcium ion, compared with the same standard solution, the content of magnesium can be calculated \[[@ref007]\].

2.4. Statistical methods {#S2.SS4}
------------------------

The mean $\pm$ standard deviation and distribution of blood pressure, age and biochemical examination of all eligible patients were calculated. The Q-Q diagram and Shapiro-Wilk were used to analyze the normal distribution of each measurement data, and the variance analysis and t test were used to analyze the differences between the groups. According to serum magnesium normal range (0.6--1.4 mmol/L) of the hospital, combined with quartiles, the serum magnesium values were divided into 6 segments and statistics.

In this paper, R version 3.2.2 was used for data analysis, with 0.01 as a significant standard for statistical significance.

2.5. Random forest {#S2.SS5}
------------------

Random forest is an ensemble method that can be used for many tasks such as classification, regression, and anomaly detection. During the training phase, the decision trees are constructed with different random variables. Through the learning of training set data, each decision tree obtains the respective results. For classification problems, the output of random forest uses the majority voting method, taking the most categories of all decision tree results as the final predictive classification \[[@ref008]\].

For the kth tree in the random forest, a random vector $\Theta_{k}$ is generated, which is independently distributed from the previously generated $\Theta_{1}$, ..., $\Theta_{k - 1}$. Using the training data set and the random vector $\Theta_{k}$ to generate the decision tree, then get the classifier $h{(x,\Theta_{k})}$, where $x$ is the input vector. Based on the $k$ classifiers $h_{1}{(x)}$, $h_{2}{(x)}$, ..., $h_{k}{(x)}$ and the random vector $X$, $Y$, the edge function is defined as follows \[[@ref009]\]:

$$\text{mg}{(X,Y)} = av_{k}I{(h_{k}{(X)} = Y)} - \max\limits_{j \neq Y}av_{k}I{(h_{k}{(X)} = j)}$$

Wherein $I{( \bullet )}$ is an indicator function. The greater the edge, the higher the confidence of the classification results. The generalization error is defined by the following equation \[[@ref009]\]:

$$\text{PE}^{*} = P_{X,Y}{(\text{mg}{(X,Y)} < 0)}$$

In a random forest, ${h_{k}{(X)}} = {h{(X,\Theta_{k})}}$. As the number of decision trees increases, subject to the strong law of large numbers, then I converge to:

$$P_{X,Y}{(P_{\Theta}{(h{(X,\Theta_{k})} = Y)} - \max\limits_{j \neq Y}P_{\Theta}{(h{(X,\Theta_{k})} = j)} < 0)}$$

The above equation explains why random forest will not overfit as the increase of the decision tree, but will produce a certain range of generalization error.

The random forest uses the bagging algorithm to generate different training sets, and uses stochastic feature selection method to generate a new decision tree for each new training set without pruning. In each new training set, about one-third samples of the original training set does not appear, and these data are referred to as out-of-bag (OOB) data \[[@ref010]\]. As the decision tree increases the error rate decreases, the OOB value tends toward the current error rate and is unbiased.

Random forest gives two methods, an average reduction in accuracy and an average reduction of the Gini index, to assess the importance of variables. The more the accuracy or the Gini index decreases, the more important the variables are \[[@ref011], [@ref012]\]. In this study, the two methods were used to judge the importance of variables, and then the associated factors of each research item were ranked according to the importance of the variables.

3.. Results {#S3}
===========

3.1. Preliminary statistics {#S3.SS1}
---------------------------

In this study, preliminary statistics on hospital records of 1217 patients were conducted. The serum magnesium distribution of patients with diabetes mellitus is shown in Fig. [1](#thc-26-thc174702-g001){ref-type="fig"}.

As can be seen from Fig. [1](#thc-26-thc174702-g001){ref-type="fig"}, both male and female patients with diabetes, the distribution of serum magnesium levels in male and female patients with diabetes are roughly the same, serum magnesium value of female diabetic patients ranges slightly larger than the male span. By Shapiro-Wilk test, serum magnesium values of both male and female diabetic patients are subject to normal distribution. The kurtosis is 3.67 and 5.01, respectively, and the skewness is 0.71 and 0.82, respectively. According to analysis of variance, there was no significant difference in serum magnesium between male and female, the F-value was 0.7829 and the p-value was 0.003304. Serum magnesium distribution of male and female patients was calculated and is shown in Table [2](#T2){ref-type="table"}.

Table 2Statistics of serum magnesium concentrationRange (mmol/L)Number of patientsMale (N $=$ 773)Female (N $=$ 440)Mg $<$ 0.6000.6 $\leqslant$ Mg $<$ 0.891770.8 $\leqslant$ Mg $<$ 1.06273301.0 $\leqslant$ Mg $<$ 1.250301.2 $\leqslant$ Mg $\leqslant$ 1.442Mg $>$ 1.411Mg: serum magnesium.

Figure 1.Serum magnesium distribution of different gender diabetic patients.

3.2. Associated factors of serum magnesium {#S3.SS2}
------------------------------------------

According to the current biochemical examination indices and the pathological diagnosis, the clas- sification of serum magnesium concentration was learned by establishing random forest, and the importance of each index was estimated. Prediction results showed that for all patients, age was strongly correlated with serum magnesium concentration. The mean decrease Gini value of age is 3.3003. For male patients, the relevant biochemical indicators of serum magnesium are glucose, urea, potassium, creatinine, total protein and direct bilirubin (sorted by variable importance, the same below). Male diabetic patients, whose serum magnesium concentration in the normal but low range (that is, the range 0.6--0.8 mmol/L, the same below), showed stronger association with three types of diabetic complications -- diabetic nephropathy, diabetic retinopathy and diabetic neuropathy, than other comorbidities. The mean decrease Gini value for the abovementioned three complications were more than twice those for other complications and comorbidities. That is, compare to other diseases, male patients are more susceptible to the above three complications. For female patients, the relevant biochemical indicators of serum magnesium are lactate dehydrogenase, creatinine, urea, glucose, sodium and high density lipoprotein cholesterol. Female diabetic patients, whose serum magnesium concentration in the normal but low range showed stronger association with diabetic retinopathy, diabetic nephropathy and diabetic macroangiopathy. The mean decrease Gini value for the three complications were at least more than double those of other complications and comorbidities.

3.3. Specific factors analysis of common diabetic complications {#S3.SS3}
---------------------------------------------------------------

The results show that serum magnesium is the associated factor of male and female diabetic patients suffering from diabetic retinopathy, diabetic nephropathy. For diabetic neuropathy, serum magnesium is only associated with male diabetic patients. For diabetic macroangiopathy, serum magnesium is only associated with female diabetic patients. In this study, the risk factors of the above four common diabetic complications were studied by establishing the random forest model. According to the variable importance obtained from the random forest model, biochemical indices have strong correlation with the disease were regarded as the specific factors of the disease. The results are shown in Table [3](#T3){ref-type="table"}. Combining serum magnesium and the specific factors, the patients with diabetes complications were predicted, so as to complete the reliability test of specific factors.

Table 3Specific factors of common diabetic complicationsComplicationSpecific factorsDiabetic retinopathy (Male)Creatinine, urea, total cholesterol and direct bilirubinDiabetic retinopathy (Female)Total bilirubin, Serum lipoprotein, total protein and chlorideDiabetic nephropathy (Male)Creatinine, serum uric acid, serum albumin, urea, homocysteine, total protein, direct bilirubin and lactate dehydrogenaseDiabetic nephropathy (Female)Creatinine, total protein, alkaline phosphatase, creatinine and chlorideDiabetic neuropathy (Male)Serum sialic acid, high density lipoprotein cholesterol, glucose, urea, glycated serum protein and low density lipoprotein cholesterolDiabetic macroangiopathy (Female)$\gamma$-glutamyl transpeptidase, apolipoprotein A, triglyceride, low density lipoprotein cholesterol, glucose, alkaline phosphatase, serum albumin and total cholesterol

Table 4Evaluation of prediction modelComplicationsAccuracySensitivitySpecificityYouden indexDiabetic retinopathy (Male)0.8861.0000.8780.878Diabetic retinopathy (Female)0.8431.0000.8260.826Diabetic nephropathy (Male)0.9010.9000.9010.801Diabetic nephropathy (Female)0.8530.8330.8540.687Diabetic neuropathy (Male)0.8961.0000.8870.887Diabetic macroangiopathy (Female)0.7840.5710.8000.371

In this study, stratified sampling and under sample were conducted within 566 male and 335 female inpatient records in 2011 to obtain a training data set. These sampling methods are beneficial to enhance the stability and accuracy of classification prediction under the circumstance of ensuring the full learning of the current training set. Different classification prediction models of diabetic complications in male and female were constructed by random forest algorithm, the models were verified on the test data set, which consists of 202 male cases and 102 females recorded in 2010.

This research adopts the sensitivity, specificity and accuracy and Youden index to evaluate prediction effect. Sensitivity is the likelihood that the patient is correctly identified as the person with the disease. Specificity refers to the likelihood that a non-complication patient is correctly identified as non-ill. Accuracy means the percentage of accurate results in all prediction results. Youden index can be calculated by Youden index $=$ sensitivity $+$ specificity $-$ 1. The four indices are not related to the prevalence of disease. To evaluate the effectiveness of the model, the above indices should be considered synthetically. The evaluation of the above six prediction results is shown in Table [4](#T4){ref-type="table"}.

4.. Discussion {#S4}
==============

4.1. Associated factors of serum magnesium {#S4.SS1}
------------------------------------------

Magnesium is the fourth highest cation in the human body, the level of serum magnesium is usually maintained in a very stable state in healthy individuals. As a second messenger of insulin action, magnesium plays an important role in insulin sensitivity and glucose metabolism. Magnesium deficiency can lead to decreased insulin sensitivity. Although serum magnesium value does not always reflect the overall state of magnesium metabolism, it is closely related to the intracellular free magnesium status.

The results of this study showed that serum magnesium level was strongly related to the age of patients with diabetes. Guerrero-Romero and Rodríguez-Morán \[[@ref013]\] found that age, alcohol consumption and use of diuretics were risk factors for low serum magnesium levels in diabetic patients. It is similar to the results of this study. As the results of this study show, serum magnesium of the men with diabetes is related to glucose, urea, potassium, creatinine, total protein and direct bilirubin. Ma et al. \[[@ref014]\] found that fasting insulin, glucose, systolic pressure, smoking were related to serum magnesium among diabetic patients, which is similar to the results of this study. However, the results of Randadass et al. \[[@ref006]\] showed that there was no statistically significant correlation between serum magnesium and fasting blood glucose and postprandial blood glucose in patients with type 2 diabetes mellitus, which was contradictory to this result, this may be related to the fact that serum magnesium cannot fully reflect the magnesium content in the body.

The results of this study show that the serum magnesium of the female diabetic patients is related to lactate dehydrogenase, creatinine, urea, glucose, sodium and high density lipoprotein cholesterol. Takagi et al. \[[@ref003]\] found that magnesium intake increased the creatinine and uric acid levels in diabetic patients, and decreased the percentage of body fat. Sales et al. \[[@ref015]\] also showed that creatinine was associated with serum magnesium, which is similar to the result of this study. Barbagallo et al. \[[@ref005]\] found that after oral administration of magnesium, total cholesterol and low-density lipoprotein may increase while high-density lipoprotein cholesterol decrease in patients with type 2 diabetes, which is similar to the results of this study. The research results of Guerrero-Romero et al. \[[@ref016]\] also indicated that after oral administration of MgCl$_{2}$, both serum magnesium and high-density lipoprotein cholesterol increased in pre diabetic patients.

4.2. Association between common diabetic complications and serum magnesium {#S4.SS2}
--------------------------------------------------------------------------

The deficiency of magnesium can lead to a variety of diseases, such as impaired glucose tolerance, insulin resistance, abnormal lipid metabolism and so on. Some studies have revealed that abnormal magnesium metabolism may lead to the occurrence and development of diabetes, diabetic microvascular and macroangiopathy complications \[[@ref015]\].

The results of this study show that serum magnesium is an associated factor of diabetic nephropathy and diabetic retinopathy complications. Previous studies \[[@ref017], [@ref018], [@ref019]\] found that lower serum magnesium level can affect the development and progression of diabetic retinopathy and diabetic nephropathy, which is similar to the results of this study.

The results also show that serum magnesium is a risk factor for male diabetic patients suffering from diabetic neuropathy and female diabetic patients suffering from diabetic macrovascular disease. The study of Agrawal et al. \[[@ref001]\] found that low concentrations of magnesium can oxidize low-density lipoprotein cholesterol, and then promote the occurrence of atherosclerosis and diabetic macrovascular, which verifies the possibility of our findings. However, Ma et al. \[[@ref014]\] found that low concentrations of serum magnesium promoted the occurrence of cardiovascular disease, hypertension, atherosclerosis and diabetes, which contradicted against part of the results of this study (the results of this study show that there is no significant association between hypertension and concentration of serum magnesium). This may be due to the number of cases with hypertension is small in this study, resulting in strong correlation not be detected. But Floege \[[@ref020]\] found that the relationship between serum magnesium concentration and hypertension is weak.

Sales and Pedrosa \[[@ref021]\] found that magnesium concentration in erythrocytes was associated with diabetic neuropathy. Barbagallo et al. \[[@ref022]\] found that insulin response and diabetes were related to the concentration of magnesium in erythrocytes. Because the decrease of serum magnesium concentration presents after severe deficiency of magnesium in the body, and the reduction of serum magnesium is closely related to intracellular magnesium concentration, serum magnesium can be used as a specific indicator of magnesium metabolism. But the sensitivity of serum magnesium is low. Therefore, the concentration of magnesium in erythrocytes and the value of urine magnesium can be combined to investigate the general condition of magnesium *in vivo*.

4.3. Specific factors of common diabetic complications {#S4.SS3}
------------------------------------------------------

As can be seen from Table [4](#T4){ref-type="table"}, the prediction results of diabetic retinopathy, diabetic nephropathy and male diabetic neuropathy are better. For imbalance data, the evaluation indices are relatively high, the prediction accuracy and sensitivity is high, which means the rate of missed diagnosis is lower. But for the prediction of diabetic macrovascular complication in women, the sensitivity was relatively poor, only 0.571. The reason may be that smaller training samples resulted in insufficient feature learning. Because the data used in this article is cross-sectional record of hospitalized patients, the effect of specific factors to various types of diabetic complications is still not clear. Detailed plan for collecting efficient data should be designed for further study.

Serum magnesium concentration as a specific marker of magnesium metabolic status, is associated with three common microvascular complications -- diabetic retinopathy, diabetic nephropathy, diabetic neuropathy and diabetic macrovascular disease. But magnesium in the human body is more distributed in the cell space, so magnesium concentration in red blood cells and urine should be combined to consider the overall situation of magnesium, so as to provide a reference for the disease screen or treatment, decision or adjustment of medication regimen, and help to improve prognosis of diabetic patients. Due to the limitation of data resources, this paper only makes a preliminary study on the association factors and classification predictions of serum magnesium and common diabetic complications based on retrospective data. There are still many aspects need further study and exploration.

5.. Conclusion {#S5}
==============

Diabetic retinopathy, diabetic nephropathy, diabetic neuropathy and diabetic macrovascular disease are associated with serum magnesium concentration. We should pay more attention to diabetic patients with low serum magnesium level but still in the normal range. The impact of serum magnesium level on the process and prediction of diabetes mellitus worthy of further study.
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